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Introduction: Breast cancer has been classified into five intrinsic subtypes with variable 
prognostic significance based on gene expression profiling studies: Luminal type A (good 
prognosis), Luminal type B, Her2-positive, Normal-like and Basal-type (worst prognosis 
group) (1). Luminal type A breast cancers differ from Luminal type B with respect to 
levels/ activity of estrogen receptor alpha (ERα) and possibly on their dependency on 
estrogen for survival (1).  In addition, another transcription factor called FOXA1 
modulates the function of ERα and is specifically expressed at higher levels in Luminal 
type A cancers (2, 3).  Higher FOXA1 expression associated with good prognosis, a 
characteristic similar to Luminal A cancers (3). As FOXA1 expression and activity are 
negatively regulated by Insulin and tumor necrosis factor (TNF), respectively (4), the 
question is whether metabolic/stress disorders unrelated to breast cancers that lead to 
elevated serum Insulin and TNF alter the function of ERα:Estrogen:FOXA1 network and 
thus promote progression of Luminal type A cancers from hormone-dependent to 
hormone-independent phenotype or to Luminal type B subtype.  

A network comprising ERα, estrogen, FOXA1 and GATA-3 constitutes a major 
morphogenesis and differentiation pathway involving luminal cells of normal breast and 
is a critical hormonal signaling network in Luminal type A breast cancer (1, 5, 6).  In 
fact, ERα:FOXA1:GATA3 transcription factor network has been dubbed as a cell lineage 
enriched hormonal network in breast cancer (7).  While ERα:estrogen axis has been the 
major focus of investigation, how metabolic/stress conditions that alter the 
expression/activity of FOXA1 and GATA-3 change the biology of Luminal type A breast 
cancers is not known.  Our hypothesis is that in breast cancer patients who develop 
diabetes subsequent to their initial diagnosis of having Luminal type A breast cancers, 
recurrent tumors may not retain gene expression pattern of Luminal type A subtype 
because of the effects of Insulin or TNF on FOXA1 expression/activity.  As a 
consequence, ERα:estrogen:FOXA1:GATA-3 network may not be the major signaling 
network in recurrent tumors and is replaced by ERα-independent proliferation/survival 
pathway.  
 
Body: 
Objective: Investigate whether Luminal type A breast cancer cell line MCF-7 implanted 
into nude mice with experimentally induced type I diabetes (no Insulin but 
hyperglycemia) or type II diabetes (elevated serum Insulin and hyperglycemia) progress 
to become Luminal type B or any other intrinsic subtype. 
 
Progress on in vitro studies to identify targets of Insulin that may disrupt hormonal 
network: 
T-bet is overexpressed in a subset of ERα-positive breast cancers: GATA-3 was 
originally characterized as a signaling molecule involved in T cell differentiation (8). 
Subsequent studies have shown similar role for GATA-3 in differentiation of luminal 
progenitor cells of the breast (6). T-bet, also called Tbx21, is a negative regulator of 
GATA-3 activity in T cells (8). Furthermore, T-bet is expressed in the epithelial cells of 
the endometrium; expression of both GATA-3 and T-bet cyclical in these cells suggesting 
hormonal regulation of their expression (9). Therefore, we considered the possibility of 
T-bet regulating GATA-3 activity in breast cancer cells and disrupting GATA-3, FOXA1 
and ERα-regulated hormonal network.   
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The Oncomine database was utilized to determine a correlation between T-bet and 
ERα expression in primary breast cancer. Although T-bet is expressed at higher levels in 
ERα-negative breast cancers compared to ERα-positive breast cancers, a subset of ERα-
positive breast cancers expressed higher levels of T-bet (Figure 1). T-bet expression was 
also associated with progesterone receptor (PR) negativity, a subgroup that is known for 
being resistant to endocrine therapy. This begs the question whether T-bet positivity 
could be related to endocrine insensitivity in ERα positive tumors. 
 
Insulin induces T-bet expression in breast cancer cells: To determine whether T-bet is 
expressed in breast cancer cell lines and the expression is regulated extracellular signals, 
we investigated the effects of growth hormone, Insulin, Insulin-like growth factor II, and 
estrogen on T-bet expression in MCF-7 cells. Insulin but not other factors induced T-bet 
expression (Figure 2A).  
 We next examined the effects of Insulin on GATA-3 and FOXA1 expression. If 
crosstalk between T-bet and GATA-3 is similar in both T cells and breast epithelial cells, 
Insulin is expected to reduce the expression and/or activity of GATA-3. Consequently, 
FOXA1 expression should be low in Insulin-treated cells. As expected, Insulin reduced 
the expression of GATA-3 but failed to have significant effect on the expression of 
FOXA1 (Figure 2B). These results suggest that Insulin-induced T-bet significantly 
effects GATA3 expression. Unlike in normal mammary gland, FOXA1 expression in 
cancer cells may be independent of GATA-3. 
  Additional ERα-positive breast cancer cell lines were examined for basal and 
Insulin-regulated expression of T-bet. T-bet expression was markedly higher in BT-474 
cells, which is considered as luminal type B cell line (Figure 2C). GATA3 in not 
expressed in these cells; however, FOXA1 is expressed at high level suggesting GATA-3 
independent expression of FOXA1 in these cells. T47-D cells also express T-bet; 
however, unlike MCF-7 cells, T-bet expression was not regulated by Insulin. Taken 
together, these results reveal an association between T-bet and GATA-3 expression in 
breast cancer cells and cell type-specific effects of Insulin in modulating their expression.  
 
T-bet overexpression in MCF-7 cells leads to altered estrogen and tamoxifen 
response: To determine whether T-bet negatively regulates estrogen-inducible 
expression of specific ERα, GATA3 and FOXA1 target genes, we generated MCF-7 cells 
overexpressing T-bet (Figure 3A). XBP1 has been suggested as the downstream target of 
ERα, FOXA1 and GATA3 network as meta-analysis has revealed coexpression of all 
four of these genes in a significant proportion of breast cancer (10). Binding sites for all 
three transcription factors are also present in the regulatory region of XBP-1 (2). While 
XBP-1 expression was readily estrogen-inducible in parental cells, estrogen failed to 
induce the expression of XBP-1 in T-bet overexpressing cells (Figure 3B). The effect of 
T-bet on estrogen-inducible expression is gene-specific because estrogen induced Myb 
and Cyp19 to similar levels in parental and T-bet overexpressing cells.  
 
T-bet overexpressing cells are less sensitive to tamoxifen in the presence of Insulin: 
To further evaluate the effect of T-bet mediated changes in estrogen response on 
sensitivity to anti-estrogens, we examined tamoxifen sensitivity of parental and T-bet 
overexpressing cells. Both cell types were similarly sensitive to tamoxifen in the absence 
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of Insulin (Figure 4). T-bet overexpressing cells were more responsive to Insulin-
mediated growth stimulation and consequently, were less sensitive to tamoxifen. Thus, it 
appears that Insulin not only induces T-bet expression but also influences T-bet function 
as evident from enhanced proliferation.  
 
Anti-estrogen resistant cells express higher levels of T-bet: We used a clonal variant 
of MCF-7 cells and the same clone that acquired tamoxifen and Fulvestrant (ICI182,780) 
resistance (11) to determine whether there is a correlation between anti-estrogen 
resistance and T-bet expression. Both tamoxifen-resistant and ICI-resistant cells 
expressed higher levels of T-bet (Figure 5). FOXA1 expression was significantly reduced 
in these cells compared to parental cells. Thus, anti-estrogen resistance may involve 
selective upregulation of T-bet and loss of FOXA1 expression. Insulin may contribute to 
this process by increasing the expression and/or post-translational modification of T-bet. 
 
Ongoing studies: 

1) Xenograft studies with MCF-7 cells under normal and experimentally 
induced diabetic condition: We are waiting for tumors to develop in these 
animals for analysis. 

2) siRNA knockdown to T-bet in parental and tamoxifen resistant cells. These 
studies are being performed to evaluate whether some of the observed effects of 
Insulin and tamoxifen resistance is dependent on T-bet. 

 
Key Research Accomplishments: 
 

 Luminal Type A breast cancers are characterized by a transcription factor 
signature comprised of GATA-3, ERα, and FOXA1. 

 
 Treatment with Insulin induces the expression of T-bet and decreases GATA-3 

expression in MCF-7 cells. 
 

 Estrogen fails to induce XBP-1, a ERα:FOXA1:GATA-3 downstream target 
gene, in MCF-7 cells overexpressing T-bet. These results suggest T-bet mediated 
loss of Luminal Type A phenotype.  

 
 Insulin confers tamoxifen resistance in those MCF-7 cells overexpressing T-Bet. 

 
 Tamoxifen and Fulvestrant resistant cells overexpress T-bet and 

display disruption of ERa:FOXA1 and GATA-3 network. 
 

 Disruption of the GATA-3:ERα:FOXA1 transcription network by T-Bet and 
Insulin provide a mechanism for progression of luminal type A to endocrine 
treatment resistance. 

   
Reportable Outcomes: 2 abstracts published and one more is accepted for 2008 San 
Antonio Breast Cancer Symposium 
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1) Control of Luminal Type A Intrinsic Subtype Enriched Transcription Factor Network 
by Insulin: Implications of Diabetes on Breast Cancer Subtypes. 
Harikrishna Nakshatri, Kasi R. McCune, Poornima Bhat-Nakshatri, Mangesh Thorat, and 
Sunil Badve. Department of Defense Era-of-Hope meeting June 2008, Baltimore 
 
2) Control of Luminal Type (Lum) A Subtype Enriched Transcription Factor Network by 
Insulin: Implications of Diabetes on Breast Cancer Classification.  
Kasi R. McCune, Poornima Bhat-Nakshatri, Mangesh Thorat, Sunil Badve, Harikrishna 
Nakshatri, ASCO Breast Symposium, Washington, DC, September 2008. 
 
Conclusions: ERα, FOXA1 and GATA-3 constitute a key hormonal transcription factor 
network in Luminal type A breast cancer. Elevated levels of Insulin, as observed in 
diabetes, can disrupt this network and confer estrogen-independence through 
upregulation of T-bet, a transcription factor known to negatively regulate GATA-3 
expression and/or activity. The above observations, which were generated through studies 
in vitro, are currently being evaluated in an in vivo model. 
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